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APPLICANTS' SECOND APPEAL BRIEF 


1. INTRODUCTION 


Applicants hereby appeal the Examiner's new grounds of rejection presented in the second 
Final Office Action, mailed August 4, 2003. In the second Final Office Action the examiner 
expressly withdrew the finality of the First Final Rejection. Three copies of this brief are 
transmitted herewith. 
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At the time of issuing the second Final Office Action: (i) all of the claims were on appeal;^) 
applicants' first Appeal Brief had been filed; and (iii) an Answer Brief was due from the £ 
examiner. Without expressly withdrawing the claims from appeal the examiner has mad£? 
new art of record and has relied upon such art to present new grounds of rejection in the^ . 
Second Final Office Action. f 


fir 


Applicants have objected to the finality of the Second Final Office Action because theg^ 
examiner incorrectly relies upon MPEP [sec] 706.07(a). That is, the " new ground of§> 
rejection is neither necessitated by applicant's amendment of the claims nor based ovt' 
information submitted in an information disclosure statement . . . [Emphasis Added]" The 
examiner has stated that applicants' amendment to the claims in response to the first non-final 
office action is sufficient basis for the Second Final Office Action (issued after the first 
Appeal Brief was filed) when the new grounds of rejection are based on prior art not 
previously of record. 

This appeal is necessitated because (1) the examiner has again presented the defective 
argument set forth in the First Final Office Action (which was fully refuted in the first Appeal 
Brief); (2) the examiner concludes that he is entitled to issue the Second Final Office Action 
when relying on new prior art; and (3) although the undersigned filed a complete and 
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informative response to the Second Final Office Action, the examiner has shown no interest 
in responding to the deficiencies of his Second Final Rejection except to merely restate his 
prior art combination. 

2. IDENTIFICATION OF THE REAL PARTY IN INTEREST 

The real party in interest for the above-identified application is Agere Systems 
Inc., which is the assignee of record for the application. 

3. IDENTIFICATION OF RELATED APPEALS OR INTERFERENCES 

To the best of appellant's knowledge, there are no appeals or interferences 
that will be directly affected by or will have a bearing on the decision on appeal. 

1. STATUS OF THE CLAIMS 

Claims 1 - 10 are pending. Claims 7-10 have been withdrawn based on a 
restriction requirement. 

Claims 1- 6 have been examined and are the subject of this appeal. Claim 1 
was amended in response to the first Office Action to claim a monolithic integrated 
circuit instead of a "semiconductor device." This fully distinguished over a rejection 
under Section 103(a) based on the examiner's combination of Arai ( c 804) in view of 
Watanabe ('490), which rejection was withdrawn. 

A copy of the claims as amended is attached hereto as Appendix A. 

2. STATUS OF THE AMENDMENTS 

Claim 1 was amended in response to the first non-final Office Action. No 
other amendments have been made to the claims. 

3. BACKGROUND 

Monolithic integrated circuits, commonly referred to as integrated circuits or 
chips, are well known devices that include a plurality of circuit elements formed on a 
common body of semiconductor material. See, for example, U.S. 3,541,357 
(appended to this brief as Attachment I), filed April 29, 1968, which so defines 
monolithic integrated circuits at Col. 1, lines 25 - 33. The integration of capacitor 
structures and transistors on these devices has long been the subject of development 
efforts in order to increase the density, functionality and performance of electronic 
circuitry. See, for example, U.S. 4,245,231 "Combination Capacitor and Transistor 
Structure for Use in Monolithic Circuits" (appended to this brief as Attachment II). 
Generally, formation of capacitors in monolithic integrated circuits is well understood 
to mean fabrication of capacitor structures on the same common body of 
semiconductor material as other interconnected devices, e.g., transistors, to make a 
monolithic integrated circuit. 
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It is well known that inclusion of passive device structures such as capacitors 
in monolithic semiconductor integrated circuits can consume significant area. In the 
past, capacitance values have been increased without proportionately increasing the 
area consumed on an integrated circuit by forming multiple capacitors on separate 
levels of interconnect conductor above the semiconductor substrate and then 
connecting the capacitors in parallel. A level of interconnect conductor is well 
understood to mean, in a monolithic integrated circuit, a network of conductors 
formed along a plane above the semiconductor substrate. 

Capacitors have been formed with patterned conductors in the various levels 
(or planes) of interconnect conductor overlying the semiconductor body. 
Recognizing that, as the dielectric thickness decreases, the capacitance increases, 
further reductions in layout areas may be considered primarily a function of material 
selection. Actually however, efforts to reduce the physical size of a capacitor 
network are limited by several factors, including the required area of the pairs of 
capacitor plates, the characteristics of the intervening dielectric and the spacing 
between plates. 

4. SUMMARY OF THE INVENTION 

Most generally, the invention is directed to a monolithic integrated circuit 
comprising a stack of alternating conductive and insulative layers of the type used to 
form a capacitor structure. The embodiment shown in Figure 9 of the application 
(appended to this brief as Attachment EI) is exemplary, and reference numerals 
corresponding to the device shown in this figure are now used for purposes of 
illustrating application of the invention. Above a semiconductor body (not 
illustrated) a first level of interconnect conductor includes a metal runner 123. A 
second level of interconnect conductor (formed above the first level) includes metal 
runners 120 and 125. It is to be understood that each level of interconnect conductor 
contains a network of conductors formed along a plane above the semiconductor 
substrate. In this example the runners 120, 123 and 125 extend along the plane of the 
paper in a horizontal direction. 

The stack of alternating conductive and insulative layers is formed between 
the first and second levels of interconnect conductor, e.g., between the lower runner 
123 and the upper runners 120, 125. Specifically, the stack is formed between the 
planes associated with the first and second levels of conductor. 

The stack comprises five conductor layers 122 sequentially formed with 
intervening dielectric layers 124 positioned between pairs of the layers 122 to provide 
capacitor dielectrics. Connections to individual layers 122 are made through via 
portions 126 and the runners 120, 123 and 125 to configure four capacitors connected 
in parallel. According to claim 1, the stack includes at least: 
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a first conductive layer, 

a first insulator layer formed over the first conductive layer, 
a second conductive layer formed over the first insulative layer, 
a second insulator layer formed over the second conductive layer, and 
a third conductive layer formed over the second insulative layer, 
with the first and third conductive layers commonly connected. 

Referring to the left half of Figure 9, it will be apparent when the layers 122 
are sequentially numbered 1 through 5 (from bottom to top), that the first, third and 
fifth conductive layers are commonly connected by a combination of the runners 120 
and 123 and three of the via portions 126. 

5. ISSUES 

The issues on appeal are (a) whether claims 1-3 and 5-6 are patentable over 
the combination of Saia et al. (U.S. Patent No. 5,736,448) in view of Watanabe et al. 
(U.S. Patent No. 5,481,490) and further in view of Kendall et al. (US 3,962,713); and 
(b) whether claim 4 is patentable over the combination of Saia et al. in view of 
Watanabe et al., Kendall et al. and further in view of Roy (U.S. Patent No. 
6,180,976). 

6. GROUPING OF CLAIMS 

Although claims 2-6 depend from claim 1, none of the claims stand or fall 
together. Rather, for reasons set forth in the Argument which now follows, it is 
submitted that each of the claims 2-6 recites a combination which further 
distinguishes the invention. 

7. ARGUMENT 

A. A Non-final Rejection of the Claims under Section 103 Was Overcome 
by Amendment. 

In the first office action (mailed 1/28/02) the examiner rejected of all the 
claims based on combinations of Arai (U.S. Patent No. 5,643,804) with Watanabe 
and Saia. In the response filed 5/22/02, Claim 1 was amended to successfully 
distinguish the invention over these combinations. The amendment specifically 
narrowed the scope of claim 1 to the same scope of subject matter always intended by 
applicants, i.e., to the specific species of semiconductor devices termed the 
"monolithic integrated circuit." 
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As explained in the Background, above, the monolithic integrated circuit is by 
definition a plurality of circuit elements formed on a common body of semiconductor 
material. Citations have been presented in support of this and there is no information 
of record, which would conflict with this common knowledge that has been in the 
literature for over 30 years. 

The 5/22/02 amendment to claim 1 was made because the Arai reference 
discloses a "composite integrated circuit" or "hybrid integrated circuit" of the type 
wherein a monolithic integrated circuit is combined with a separate passive 
component such as a capacitor. With the amendment Applicants more expressly 
excluded from the claim scope subject matter never intended to be within the scope of 
claims, i.e., those embodiments wherein an integrated circuit and a separate capacitor 
may each be mounted on a substrate and connected to one another to form what is 
termed a hybrid circuit. 

As a result, applicants' invention is only directed to a stack of alternating 
conductive and insulative layers in a monolithic integrated circuit. It was also 
specifically noted in the remarks filed with the 5/22/02 amendment that the claimed 
"first and second levels of interconnect conductor" are also portions of the monolithic 
integrated circuit. 

Thus applicants have clearly made of record the plain fact that there is no 
desire to read the pending claims on any structure other than one wherein all of the 
circuit elements and interconnect conductor are formed on a common semiconductor 
body, i.e., a monolithic integrated circuit. 

By presenting a new rejection in the next office action it appears the examiner 
agrees with applicants' contention that the Arai reference cannot be combined with 
the Watanabe reference to meet the terms of claim 1, i.e. a monolithic integrated 
circuit. 

B. The First Final Rejection of Claim 1 Could Not Stand in View of the 
5/22/02 Amendment to Claim 1. 

However, in the next office action, mailed 8/26/02, an erroneous final 
rejection of claims 1-3 and 5-6 was nonetheless imposed under 35 U.S.C. 103(a) 
based again on a combination of Saia and Wantanabe. 

As noted at Col 2, lines 34 - 38, Saia discloses an integral thin film capacitor 
on a base such as a polymer layer. Saia also discloses a HDI interconnect circuit 
module wherein the capacitor of Saia can be applied on a surface of any desired base 
material including ceramic substrates or printed circuit boards. See Col 2, lines 38 - 
44 as well as Figure 5b of Saia. Because Saia's disclosure relates to modules, Saia 
illustrates in Figure 7 a module with "circuit chip 68 having chip pads 77 . . . situated 
in a chip well 70 . . See Col. 4, lines 54 - 60. It is recognized that the chip 68 in 
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Figure 7 of Saia may be a semiconductor integrated circuit, and this renders the 
rejection inconsistent with the references. 

The first Final Office Action stated as the basis for rejecting claims 1-3 that 

"Saia discloses a monolithic integrated circuit (col. 2 lines 24 -27) 
comprising: a first interconnect level (the level of conductive layer 
20); a second interconnect level (the level of a conductive layer 52); 
a third interconnect level (the level of a conductive layer 58 on an 
insulating layer 56); a stack of alternating conductive and insulating 
layers formed in vertical alignment with respect to an underlying 
plane, wherein the stack layers [sic] formed between the first and 
second interconnect levels and including a first conductive layer 
(36), a first insulator layer (38) on the first conductive layer , a 
second conductive layer (40) on the first insulative layer, a second 
insulative layer (42) on the second conductive layer, and a third 
conductive layer (44) on the second insulative layer with the first 
and third conductive layer commonly connected through the first, 
second and third interconnect levels. See Saia et ai 's Fig. 7-9. 

Saia et ai does not explicitly teach that the first and second 
interconnect levels [sic] to the semiconductor layer. 

It is well known in the art and also taught by Watanabe et ai 
that the capacitor structure is commonly connected to a 
semiconductor layer such as source/drain region of the FET 
transistor in order to control the charge storage in the capacitor 
structure by ON/OFF states of the FET transistor. 

Therefore, it would have ben [sic] obvious to one of ordinary 
skill in the art connecting the first and second interconnect levels to 
semiconductor layer in Saia et ai 's device. 

Essentially, the difference between the first non-final rejection and the first 
Final Rejection was that the examiner substituted the Saia reference for the Arai 
reference to reject claim 1. Unfortunately, the Saia reference clearly has deficiencies 
similar to those of the Arai reference. Specifically, the examiner mistakenly urges 
that Saia discloses a monolithic integrated circuit at column 2, lines 24-27. This is 
not at all the case. The passage only recites: 

"fabricating an integral multi-layer thin film capacitor on a polymer layer using 
staggered landing pads." 

It is also made clear at Column 1 of this reference that Saia deals with high 
density integrated circuit modules (see lines 1-2) and formation of capacitors on 
polymer layers. There is simply no teaching in this reference for the formation of a 
capacitor structure in a monolithic integrated circuit. Figure 7 of Saia clearly 
illustrates a capacitor structure separate and distinct from "circuit chip 68." 
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To formulate his First Final Rejection the examiner had to incorrectly read at 
least one other of applicants' claim 1 recitations on Saia. As already noted, 
applicants' claim 1 is directed to a monolithic integrated circuit of the type requiring: 

"at least first and second levels of interconnect conductor for connection to a 
semiconductor layer ..." 

and further requiring 

"a stack of alternating conductive and insulative layers . . . between the first 
and second levels of conductor ..." 

To reject the claims the examiner must improperly read applicants' "second 
interconnect level" on Saia's capacitor plate 52 by merely referring to the capacitor 
plate as a "conductive layer". While the capacitor plate 52 is a conductive layer, it is 
clearly not part of any level of interconnect. Nor is it possible to read one of 
applicant's levels of interconnect conductor on Saia's 58 which merely couples 
"alternating ones of the capacitor plates [Saia,Col. 5, lines 26-28]." Saia's 52 and 58 
have no relation to first and second levels of interconnect and are not formed in a 
monolithic integrated circuit. 

Finally, because the prior art does not provide the structure of 

"a stack of alternating conductive and insulative layers . . .formed between the 
first and second levels of conductor, ...(emphasis added)" 

the examiner's combination cannot provide the arrangement required in claim 1. 

C. The First Final Rejection of Claim 1 Also Required a Piecemeal 
Reconstruction of the Prior Art 

In presenting the First Final Rejection of claim 1 the examiner acknowledged 
that Saia et al. does not explicitly teach connection of "the first and second 
interconnect levels to the semiconductor layer" but relied on Watanabe to show that 
capacitor structures are commonly connected to semiconductor layers. In fact, it is 
well known that when capacitor structures are formed in integrated circuits they are 
often connected to semiconductor layers. However, this is not applicants' invention. 

Applicants' invention addresses the need to advance the level of 
semiconductor process integration by increasing the capacitance on a monolithic 
semiconductor integrated circuit without increasing the area consumed over a 
semiconductor region. There is no teaching or suggestion to reconstruct a hybrid 
circuit module, e.g., as shown in the Saia reference, to make a module into a 
monolithic integrated circuit. Nor is there a teaching or suggestion to reconstruct 
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Saia's capacitor plate 52 into a conductor (e.g., a runner) in a level of interconnect 
for connection to a semiconductor layer. 

Further, as explained below, it would be improper to combine the references 
because they teach away from the invention. In addition, the examiner ignores 
technical incompatibilities while urging that the "interconnect levels" of Saia could 
be connected to a semiconductor layer. This is not at all the case. 

First, as already noted, it is improper to reconstruct the capacitor plate 52 of 
Saia as though it were an interconnect conductor. Second, the only semiconductor 
regions that Saia or Watanabe disclose or imply are regions of integrated circuitry 
such as the source/drain region of a FET (which the examiner has noted from the 
Watanabe reference). But, in this regard, Saia clearly teaches away from the 
examiner's contention. That is, see Figure 7 and Col. 4, lines 54 - 60 of Saia which 
specifically teaches connecting the electrical conductor 20 to a chip pad 77 instead of 
a semiconductor region in the circuit chip 68. 

It is acknowledged that the circuit chip 68 of Saia may be a monolithic 
integrated circuit. However, it is clear that the "stack" of Saia is not part of the circuit 
chip 68 or part of any monolithic integrated circuit. Thus Saia's teaching to connect 
the conductor 20 to the pad 77 in order to make electrical contact with circuit chip 68 
is inconsistent with the examiner's speculative and piece meal attempt to form a 
capacitor within a monolithic integrated circuit. Clearly it would be improper to 
substitute a semiconductor layer for a metal contact or other pad such as the pad 77 
when there is no teaching or motivation in the references for doing so. 

It is only the applicants that teach forming the claimed stack "between first 
and second levels of conductor" in a monolithic integrated circuit and connecting 
these same levels to a semiconductor layer "with the first and third conductive layers 
commonly connected." 

D. Nor Can the Second Final Rejection of Claim 1 Stand in View of 
the 5/22/02 Amendment to Claim 1. 

In the Second Final Office Action (mailed 8/4/03) the examiner withdrew the 
finality of the first Final Rejection but did not expressly withdraw the claims from 
appeal. The examiner also imposed a new final rejection based in part on new art (the 
Kendall reference), i.e., the combination of three references: Saia et al. (U.S. Patent 
No. 5,736,448) in view of Watanabe et al. (U.S. Patent No. 5,481,490) and further in 
view of Kendall et al. (US 3,962,713). 

At page 3 of the Second Final Office Action, the examiner concedes that Saia 
et. al does not teach or suggest a monolithic integrated circuit having applicants' 
claimed stack of alternating conductive and insulating layers and interconnect levels 
to the semiconductor layer. 
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However, in the Second Final Office Action the examiner nonetheless 
presents essentially the same rejection of claim 1 previously set forth in the First Final 
Office Action. That rejection was fully refuted in the first Appeal Brief. Now, with 
his addition of the Kendall reference, the examiner still does not remedy any of the 
deficiencies present in the earlier rejection based on the combination of two 
references: Saia et al. (U.S. Patent No. 5,736,448) in view of Watanabe et al. (U.S. 
Patent No. 5,481,490). 

In adding the Kendall reference to support his second Final Rejection, the 
examiner repeats the same inconsistencies present in the first Final Rejection (see 
pages 7-8 herein), but adds the following revision: 

"It is conventional and also taught by Kendall et ah teaches 
[sic] that the capacitor structure can be formed in a discrete 
semiconductor device or in a monolithic integrated circuit. Saee [sic] 
Kendall et al. 's col. 8 lines 54-60. 

Therefore it would have ben [sic] obvious to one of ordinary 
skill in the art connecting the first and second interconnect levels to 
semiconductor layer in Saia et al. 's device and the capacitor is formed 
in a monolithic integrated circuit as taught by Kendall et al. " 

Applicants acknowledge that capacitors can be formed as portions of 
monolithic integrated circuits, but this is not the claimed invention! Further, as 
advised in the response filed 11/3/03, the second Final Rejection is, like the first Final 
Rejection, a piecemeal reconstruction inconsistent with the cited art. 

E. The Second Final Rejection of Claim 1 Also Required a Piecemeal 
Reconstruction of the Prior Art 

In the Second Final Rejection, the examiner incorrectly relies on piecemeal 
reconstruction in at least three instances. Specifically, as already noted, it is improper 
to reconstruct the capacitor plate 52 of Saia as though it were conductor in a level of 
interconnect. 

Second, the only semiconductor regions that Saia or Watanabe disclose or 
imply are regions of integrated circuitry such as the source/drain region of a FET 
(which the examiner has noted from the Watanabe reference). However, in this 
regard, Saia clearly teaches away from the examiner's combination. See Fig. 7 and 
Col. 4, lines 54-60. That is, Saia specifically teaches connecting the electrical 
conductor 20 to a chip pad 77 instead of a semiconductor region in the circuit chip. It 
is well understood in the art that chip pads are metal bond pads formed on an upper 
level of interconnect while semiconductor regions are regions in a monolithic 
semiconductor body. 

Apparently, the examiner relies on the fact that when capacitor structures are 
formed within integrated circuits they may make direct contact with semiconductor 
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material (as opposed to a metal contact). However, this does not legitimize the 
piecemeal reconstruction of Saia and Watanabe to recreate the claimed combination. 
Nothing in Kendall legitimizes a piecemeal and inconsistent reconstruction of Saia 
based on Watanabe. 

Finally, use of the Kendall reference is a third example of an improper 
piecemeal reconstruction of the claims. The examiner picks and chooses discrete 
passages of Kendall to re-create claim 1, while disregarding structure of Kendall 
which is inconsistent with claim 1. For example, claim 1 requires " a stack of 
alternating conductive and insulative layers formed in vertical alignment with respect 
to an underlying plane ..." while Kendall teaches a capacitor with "selectively spaced 
grooves . . . formed in the upper structure of a semiconductor substrate. . See Col 1, 
lines 57-60. See also Fig. 5A. There is no motivation to pick and choose pieces of 
Kendall, Saia and Watanabe to re-create the invention of claim 1. 

F. The Dependent Claims 2-6 Further Distinguish the Invention Over 
the Art 

The dependent claims do not stand or fall with claim 1. This is because each 
of the dependent claims includes subject matter which, in combination with other 
features of the claims, adds additional patentable distinctions. 

Claim 2 expressly defines an arrangement for connecting the first and third 
conductive layers as "through the first and second levels of interconnect conductor." 

Claim 3 requires a "third level of interconnect conductor" and an arrangement 
wherein "the first and second layers [are] commonly connected through the first, 
second and third levels of interconnect conductor." See, for example, the structure 
10 of Figure 1. It must be noted, the Saia reference fails to disclose even a second 
level of interconnect. The requisite structure for a third level of interconnect is 
missing from the rejection. 

Claim 4 presents an additional feature wherein the "conductors connecting the 
first and third conductive layers include via portions and trench portions ..." The 
examiner rejects claim 4 further in view of Roy, but Roy does not compensate for the 
deficiencies already identified in the rejection of claim 1. Rather, a review of Roy 
confirms that the teachings of the applicants are not known in the prior art of 
Damascene interconnect structures. Therefore, rejection of claim 4 cannot stand. 

Claim 5 requires an arrangement including "one or more pairs of additional 
conductive and insulative layers formed over the third conductive layer . . ." This 
provides "an uppermost conductive layer commonly connected with the first and third 
conductive layers." 

According to claim 6 the stack of claim 5 "comprises 5 conductive layers 
configured to provide 4 capacitors connected in parallel. The examiner contends in 


10 


the Second Final Office Action that "Saia et al's device is identical as claimed 
structure . . whereas it has already been demonstrated (above) that Saia et al. clearly 
falls short of meeting the requirements set forth in claim 1. 

8. SUMMARY 

Based on the foregoing reasons it is apparent that the examiner's rejections are 
entirely in error and reversal is therefore requested. 


Respectfully submitted, 



Ferdinand M. Romano 
Reg. No. 32,752 
407-371-3250 



11 


r 


r 


Hui 3-6-16 



For Ser. No. 09/653,295 (Hui 3-6-16) 


APPENDIX A TO APPEAL BRIEF 


CLAIMS ON APPEAL 


1. (Amended) A monolithic integrated circuit comprising: 

at least first and second levels of interconnect conductor for connection to a 
semiconductor layer; and 

a stack of alternating conductive and insulative layers formed in vertical 
alignment with respect to an underlying plane and formed between the first and second 
levels of conductor, including 

a first conductive layer, 

a first insulator layer formed over the first conductive layer, 
a second conductive layer formed over the first insulative layer , 
a second insulator layer formed over the second conductive layer, and 
a third conductive layer formed over the second insulative layer, 
with the first and third conductive layers commonly connected. 

2. The device of claim 1 wherein the first and third conductive layers are commonly 
connected through the first and second levels of interconnect conductor. 

3. The device of claim 1 further including a third level of interconnect conductor 
with the first and second conductor layers commonly connected through the first, second 
and third levels of interconnect conductor. 

4. The device of claim 1 wherein the conductors connecting the first and third 
conductive layers include via portions and trench portions of a Damascene structure. 
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5. The device of claim 1 wherein the stack of alternating conductive and insulative 
layers includes one or more pairs of additional conductive and insulative layers formed 
over the third conductive layer providing an uppermost conductive layer commonly 
connected with the first and third conductive layers. 

6. The device of claim 5 wherein the stack comprises 5 conductive layers configured 
to provide 4 capacitors connected in parallel. 
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3,541,357 

INTEGRATED CIRCUIT FOR ALTERNATING 
CURRENT OPERATION 
William P. Kram, Fayetteyille, N.Y., assignor to General 
Electric Company, a corporation of New York 
Filed Apr. 29, 1968, Ser. No. 724,870 
Int CI. E03k 3/00 
VS. CI. 307—303 5 Claims 


ABSTRACT OF THE DISCLOSURE 

A semiconductor monolithic integrated circuit is pro- 
vided having reverse biased PN junction substrate isola- 
tion, and the circuit is made capable of working directly 
from an alternating current power supply without dis- 
ruption of the substrate isolation by provision of an in- 
tegral switching circuit. The switching circuit is effective 
to prevent sufficient voltage from developing across the 
substrate isolation PN junction to cause deleterious for- 
ward current across the junction during that portion of 
the cycle of the alternating current power supply when 
the substrate isolation PN junction tends to become for- 
ward biased. 


The present invention relates to improvements in semi- 
conductor integrated circuits of the type having a plu- 
rality of circuit elements situated in a common body of 
semiconductor material and which are sometimes referred 
to as "monolithic" integrated circuits. More particularly, 
the present invention relates to improvements in such 
circuits facilitating operation thereof directly from a 
supply of alternating current voltage. 

In such monolithic integrated circuits, it is a known 
practice to achieve desired electrical isolation of the vari- 
ous circuit elements, each from its neighbors, by forming 
them in particular regions or islands in the semiconductor 
body, each of which islands is electrically separated or 
isolated from the remaining substrate portion of the semi- 
conductor body by a reverse-biased PN junction. The 
reverse-bias of this isolating PN junction, or isolation 
diode as it is sometimes called, is achieved by tying or 
connecting the substrate to a point of desired potential, 
or bias-point, in the circuit. The bias-point usually se- 
lected is that point which normally has the most extreme 
potential of opposite polarity from the conductivity type 
of the substrate, e.g., if the substrate is of P-type con- 
ductivity, the bias-point to which it is usually tied is the 
point having the most negative potential in the circuit. 
This insures reverse biasing of the isolation diode. 

This reverse-biased-junction form of isolation has been 
found satisfactory in those types of integrated circuits, 
such as circuits having a direct current or unvarying po- 
larity power supply, wherein the potential of a single 
selected bias-point never ceases to fulfill the requirement 
of being the most extreme potential of opposite polarity 
to the conductivity type of the substrate. However, in some 
integrated circuits, for example those intended for direct 
connection to a supply voltage of alternating polarity, 
some second point in the circuit may periodically have a 
potential more extreme than the selected bias-point to 
which the substrate is connected. This causes the normally 
reverse-biased isolation diode between the substrate and 
such second point to become forward biased, thereby de- 
stroying the desired isolation and producing various un- 
desirable effects such as injection of charge carriers from 
the substrate across the isolation diode PN junction, and 
parasitic transistor action between islands or between the 
substrate and the islands. 

One object of the present invention is to provide im- 
provements in reverse-biased-junction isolation integrated 
circuits which will prevent isolation diodes therein from 
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becoming deleteriously forward biased when a particular 
bias-point to which the substrate is tied experiences a po- 
tential other than the extreme potential of opposite polarity 
from the substrate conductivity type. 

fi Another object is to provide improved monolithic in- 
tegrated circuits particularly suitable for operation in 
direct connection with an alternating polarity, i.e., alter- 
nating current voltage, power supply. 

Another object is to provide an improved integrated 

10 circuit of the foregoing character which is inexpensive, 
does not require costly additional process steps to manu- 
facture, and whose use with an alternating current volt- 
age power supply does not require connection of any ex- 
ternal auxiliary circuitry. . 

15 These and other objects of the invention will be appar- 
ent from the following description and the accompanying 
drawings, wherein: 

FIGS. 1 and 2 illustrate one form of semiconductor 
integrated circuit to which the present invention is ap- 

20 plicable; 

FIG. 3 is a fragmentary sectional view of a portion of 
the semiconductor body of the circuit of FIGS. 1 and 2, 
together with other circuit elements thereof; 

FIG. 4 is a schematic diagram of a portion of the 
25 circuit of FIG. 3; 

FIG. 5 is a circuit similar to that of FIG. 4, modified 
according to one form of the invention; 

FIG. 6 is similar to FIG. 3 and includes the modifica- 
tion of FIG. 5; 

30 FIG. 7 is similar to FIG. 5, modified according to an- 
other form of the invention; and 

FIG. 8 is similar to FIG. 6, and includes the modifica- 
tion of FIG. 7. 

Referring to the drawing, FIGS. 1 and 2 illustrate one 

35 form of circuit to which the present invention is ap- 
plicable. The circuit of FIGS. 1 and 2 includes a half-wave 
rectifier, connected at terminals 1 and 2 to a power sup- 
ply S of alternating polarity, and including a capacitor 
C having one terminal 5 connected to terminal 1 and to 

40 the N-region of a diode Dl and the other terminal 3 
connected to the P-region of a diode D2. The N-region 
of diode D2 is connected to terminal 2, as is the P-region 
of diode Dl. Diode Dl may be a so-called avalanche 
type reverse voltage breakdown diode for limiting the 

45 voltage to which capacitor C is allowed to charge. Other 
circuitry represented by block 4, the details of which 
constitute no part of the present invention, may be con- 
nected in parallel with capacitor C. During the half-cycle 
of the alternating polarity supply S when terminal 1 is 

60 positive and terminal 2 negative, the capacitor C is 
charged with the polarity shown in FIG. 1 to the voltage 
level determined by the reverse breakdown voltage of 
diode Dl. During the . half -cycle when the polarity of 
supply S. reverses and terminal 1 is negative as shown in 

55 FIG. 2, capacitor C is prevented from discharging back 
into the supply S by diode D2. 

All of the circuit elements thus far described, except 
the alternating supply S and capacitor C, may be con- 
stituted, by a monolithic integrated circuit, the outline 

60 of the semiconductor body of which is illustrated by the 
dotted line 6 in FIGS. 1 and 2. A sectional view of a 
portion of the semiconductor body 6 of the integrated 
circuit of FIGS. 1 and 2 is shown in FIG. 3, omitting 
for simplicity and ease of understanding, all the normal 

65 junction-covering and protective insulative layers whose 
composition and function is well understood by those 
skilled in the art. The substrate portion of the semi-con- 
ductor body 6 is shown at 20, and may, for example, be 

70 °* P " type conductivity. Substrate portion 20 surrounds 
respective islands defined by isolating PN junctions 21 
and 22, and diodes Dl and D2 are formed as shown 
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ABSTRACT OF THE DISCLOSURE 

A semiconductor monolithic integrated circuit is pro- 
vided having reverse biased PN junction substrate isola- 
tion, and the circuit is made capable of working directly 
from an alternating current power supply without dis- 
ruption of the substrate isolation by provision of an in- 
tegral switching circuit. The switching circuit is effective 
to prevent sufficient voltage from developing across the 
substrate isolation PN junction to cause deleterious for- 
ward current across the junction during that portion of 
the cycle of the alternating current power supply when 
the substrate isolation PN junction tends to become for- 
ward biased. 


The present invention relates to improvements in semi- 
conductor integrated circuits of the type having a plu- 
rality of circuit elements situated in a common body of 
semiconductor material and which are sometimes referred 
to as "monolithic" integrated circuits. More particularly, 
the present invention relates to improvements in such 
circuits facilitating operation thereof directly from a 
supply of alternating current voltage. 

In such monolithic integrated circuits, it is a known 
practice to achieve desired electrical isolation of the vari- 
ous circuit elements, each from its neighbors, by forming 
them in particular regions or islands in the semiconductor 
body, each of which islands is electrically separated or 
isolated from the remaining substrate portion of the semi- 
conductor body by a reverse-biased PN junction. The 
reverse-bias of this isolating PN junction, or isolation 
diode as it is sometimes called, is achieved by tying or 
connecting the substrate to a point of desired potential, 
or bias-point, in the circuit. The bias-point usually se- 
lected is that point which normally has the most extreme 
potential of opposite polarity from the conductivity type 
of the substrate, e.g., if the substrate is of P-type con- 
ductivity, the bias-point to which it is usually tied is the 
point having the most negative potential in the circuit. 
This insures reverse biasing of the isolation diode. 

This reverse-biased-junction form of isolation has been 
found satisfactory in those types of integrated circuits, 
such as circuits having a direct current or unvarying po- 
larity power supply, wherein the potential of a single 
selected bias-point never ceases to fulfill the requirement 
of being the most extreme potential of opposite polarity 
to the conductivity type of the substrate. However, in some 
integrated circuits, for example those intended for direct 
connection to a supply voltage of alternating polarity, 
some second point in the circuit may periodically have a 
potential more extreme than the selected bias-point to 
which the substrate is connected. This causes the normally 
reverse-biased isolation diode between the substrate and 
such second point to become forward biased, thereby de- 
stroying the desired isolation and producing various un- 
desirable effects such as injection of charge carriers from 
the substrate across the isolation diode PN junction, and 
parasitic transistor action between islands or between the 
substrate .and the islands. 

One object of the present invention is to provide im- 
provements in reverse-biased-junction isolation integrated 
circuits which will prevent isolation diodes therein from 


2 

becoming deleteriously forward biased when a particular 
bias-point to which the substrate is tied experiences a po- 
tential other than the extreme potential of opposite polarity 
from the substrate conductivity type. 

ft Another object is to provide improved monolithic in- 
tegrated circuits particularly suitable for operation in 
direct connection with an alternating polarity, i.c, alter- 
nating current voltage, power supply. 

Another object is to provide an improved integrated 

10 circuit of the foregoing character which is inexpensive, 
does not require costly additional process steps to manu- 
facture, and whose use with an alternating current volt- 
age power supply does not require connection of any ex- 
ternal auxiliary circuitry. 

15 These and other objects of the invention will be appar- 
ent from the following description and the accompanying 
drawings, wherein: 

FIGS. 1 and 2 illustrate one form of semiconductor 
integrated circuit to which the present invention is ap- 

20 plicable; 

FIG. 3 is a fragmentary sectional view of a portion of 
the semiconductor body of the circuit of FIGS. 1 and 2, 
together with other circuit elements thereof; 

FIG. 4 is a schematic diagram of a portion of the 
25 circuit of FIG. 3; 

FIG. 5 is a circuit similar to that of FIG. 4, modified 
according to one form of the invention; 

FIG. 6 is similar to FIG. -3 and includes the modifica- 
tion of FIG. 5; 

30 FIG. 7 is similar to FIG. 5, modified according to an- 
other form of the invention; and 

FIG. 8 is similar to FIG. 6, and includes the modifica- 
tion of FIG. 7. 

Referring to the drawing, FIGS. 1 and 2 illustrate one 

35 form of circuit to which the present invention is ap- 
plicable. The circuit of FIGS. 1 and 2 includes a half-wave 
rectifier, connected at terminals 1 and 2 to a power sup- 
ply S of alternating polarity, and including a capacitor 
C having one terminal 5 connected to terminal 1 and to 

40 the N-region of a diode Dl and the other terminal 3 
connected to the P-region of a diode D2. The N-region 
of diode D2 is connected to terminal 2, as is the P-region 
of diode Dl. Diode Dl may be a so-called avalanche 
type reverse voltage breakdown diode for limiting the 

45 voltage to which capacitor C is allowed to charge. Other 
circuitry represented by block 4, the details of which 
constitute no part of the present invention, may be con- 
nected in parallel with capacitor C. During the half-cycle 
of the alternating polarity supply S when terminal 1 is 

50 positive and terminal 2 negative, the capacitor C is 
charged with the polarity shown in FIG. 1 to the voltage 
level determined by the reverse breakdown voltage of 
diode Dl. During the . half -cycle when the polarity of 
supply S. reverses and terminal 1 is negative as shown in 

55 FIG. 2, capacitor C is prevented from discharging back 
into the supply S by diode D2. 

All of the circuit elements thus far described, except 
the alternating supply S and capacitor C, may be con- 
stituted, by a monolithic integrated circuit, the outline 

60 of the semiconductor body of which is illustrated by the 
dotted line 6 in FIGS. 1 and 2. A sectional view of a 
portion of the semiconductor body 6 of the integrated 
circuit of FIGS. 1 and 2 is shown in FIG. 3 f omitting 
for simplicity and ease of understanding, all the normal 

65 junction-covering and protective insulative layers whose 
composition and function is well understood by those 
skilled in the art The substrate portion of the semi-con- 
ductor body 6 is shown at 20, and may, for example, be 

70 ° f P " type conductivity. Substrate portion 20 surrounds 
respective islands defined by isolating PN junctions 21 
and 22, and diodes Dl and D2 are formed as shown 
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within these islands. Junctions 21 and 22, therefore,; con- ; 
stitute isolating diodes which' should be reverse biased to 
properly electrically isolate the islands from each other 
and isolate the substrate 20 from the remainder of the 
structure. 5 

FIG. 4 shows schematically that portion of the circuit . 
of FIG. 3 include diode D2, the substrate 20, and. 
the isolating diode D22 formed by the substrate-isolat- 
ing junction 22.. As will be evident from -FIG. 4, the sub- 
strate 20 . is connected to terminal 2 through the isolate ^ 
ing diode D22,, and is connected directly to terminal 3. 
by conductor 24. 

In the operation of the circuit-.of FIGS. through 4, ..; : 
when terminal 1 is positive, the capacitor C is charged as 
shown in FIG. 1 and the most negative point in the ckr. 15 
cuity.Le., the point of most extreme potential of polarity . , 
opposite to that of theP-type substrate 20, is terminal -2. r : 
When terminal 2- becomes positive, diode Dl conducts in p.: 
the forward direction, diode D2 prevents the capacitor 
C from completely . discharging and the most negative :20 
point in. the circuit shifts to terminal 3. Thus, if the sub-. ■ 
strate .20 is .tied, . as "indicated by conductor ; 24, to . ter-- 
:minal 3 as a normal bias-point, junctions 21 and 22 of y 
. FIG. 3 will be reverse -biased for proper isolating during • '. 
the half cycle, when: terminal 2 is positive. But. during the v 25 
half cycle when terminal 1 is positive and terminal 2, 
becomes more negative than terminal 3, junction 22 will . 
become -temporarily, forward baised and substrate 20 will ; .'. 
become. connected:-by a low impedance path to terminal 

2, and those portions r of the circuit " likewise connected :30 
to terminal . 2,.: through the forward-biased junction 22. : 
Obviously, this would completely disrupt the desired iso-,. 
lation and. produce a, variety- of deleterious effects on cir- : 
cuit.performance. . . . ' 

To prevent junction 22 from becoming forward :biased .35 
when terminal. 2. becomes more negative than terminal :* 

3, the present: invention provides for clamping the sub^ . 
strate 20 ^o. whatever, portion of the circuit has the .most . - 
extreme potential of ithe opposite polarity from the con- = ' 
ductivity type .of the substrate, i.e., the Imost negative- 40 

• going portion of ^ the Prtype substrate circuit of FIG. 3. So 
that vwheh the; potential: of terminal 2 , becomes more ex-. .; 
treme, j.e., more negative than. that of terminal 3, the po- . 
tential of substrate 20 is^according to. the present invention : .. 

. cdirespondin^y :made :more negative. 45 
. [ FIG. 5 is similar to FIG. 4 but shows how forward 
biasing of substrate diode :D22 is effectively minimized . 
. according r to one form of ■ the present invention. Basically, 
the present invention provides ineans. for reducing the ., 
current flow through' the substrate diode D22, when;the : 50 
substrate diode "tends to become forward biased, to a level 
such mat carrier injection at the. substrate diode is insuffj- : 
dent to cause harmful parasitic effects in the circuit This - 
is accomplished by preventing forward voltage across the 
substrate, diode D22 from exceeding that value, e^g., ap-. 55 
proximately. 0.3 --volt in the case of a substrate of ger- , 
manium semiconductor material and 0.6 volt in the case 
of silicon, where the well-known "knee" occurs in the 
graph of forward current vs. forward voltage for such 
diodes. Such "knee" is shown for example in FIG. 1/17 Q q 
of the General Electric Transistor Manual, 7th edition, 
copyright 1964. 

•In the circuit of FIG.. 5, forward "biasing of diode D22 
is effectively minimized by placing a resistor 26 in the 
path 24 between substrate 20 and terminal 3. The resistor 65 
26 is thus in series with diode D22, with relation to the 
path between terminal 3 and terminals, and is of a value 
sufficiently large. to reduce the voltage across diode D22, 
and the current through diode D22, below a level so that, 
carrier injection across the PN junction of diode D22 is y n 
insufficient to cause harmful parasitic effects in the circuit 
or degrade the isolation of other elements of the circuit 
from each other and from the substrate. The value of 
resistor. 26 should be sufficiently large to limit the for- 
ward voltage drop across diode D22 in accordance with 75 


* the above-defined criteria, e.g.;' to lessthan about 0.6 Volt 
in the case of silicon, but should not be so large as to 
allow the substrate to in effect be disconnected from 
terminal 3, during the half cycle of the AC supply when 
terminal *3 is the most extreme .potential point in the 
circuit. Thus the optimum, value of .resistor 26 "will de- 
pend, somewhat on current levels in the particular circuit 
to which the invention is applied, -but it has been found 
that a resistance value of about . 100-^5,000 ohms is nor- 
mally, sufficient for resistor 26 i when, silicon is the inte- 
grated circuit semiconductor material. * ■ 

In the circuit of FIG. . 5, the diode D2 should, for 
optimum, effect , in limiting forward .voltage drop across 
diode D22; have as low as possible a forward voltage drop 
of its own. Accordingly, diode D2 may preferably be of 
a -type having an inherently low forward voltage drop, - 
such as a Schottky diode. 

FIG.. 6 shows the semiconductor body 6 of FIG. 3 
modified, to include resistor 26 . in the connective path 
■between terminal 3 and substrate 20.-. The. resistor 26 tmay, 
as is well' understood by . those skilled in the art; be pro- 

. vided in the: physical or structural form of an impurity . 
impregnated region within body - 6 produced by cbnven- . 
tional diffusion, processes simultaneously with, the- for- 
mation of diodes Dl and D2, thereby essentially, precluding 
any extra costs or process' steps in the provision of re- 
sistor 26. As is shown in FIG.. 6,! resistor 26 is thereby . 
formed within an. island :26A ; which separates resistor 26. 

. from substrate. 20.. 

.Another form of the invention: is , shown in FIGS. 1 
and 8: FIG. 7 is similar to FIG. 6 except that diode D2 : 
is replaced by an NPK transistor. Ql, the base of which, 
is tied to terminal 3, me collector to terminal 2, and the 
emitter to substrate 20.. In the. operation of the circuit of . 
FIGS. 7 and 8, when the potential: at terminal 2 becomes 
more negative than that at :terminal . 3, transistor Ql con- 
ducts and shunts isolation diode D22, clamping, substrate 
20 to. terminal 2 and. preventing D22. from becoming for- 
ward biased. 

: The transistor circuit , embodiment of FIG. 7 is pre- 
ferred .to the diode circuit embodiment of FIG. 5 because . 
the collector-emitter, voltage dropiof.a conducting tran- 

. sistor is usually less than the forward voltage drop of a 
diode, so the transistor Ql provides: a more effective shunt 
for diode 022 to insure that D22 will not become forward . 
biased during, circuit operation. \ 

Although the transistor Ql can be arranged with either 
emitter or collector connected to substrate 20, the inverse . 
mode of connection; i.e., with collector of Ql connected 
to terminal 2 and emitter of Ql connected to substrate 20, 
is preferred to the normal mode because the higher re- 
verse voltage capability of: the collector-base junction of 
the transistor is then available . in the circuit between 

- terminals 2 and 3 when the transistor is not turned on. 
FIG. 8 is similar to FIGS. 3 and 6 and shows the semi- 
conductor body of: FIG. 3 ; modified to include transistor 
Ql in place of diode D2. The base region 27 of transistor 
Ql may, of course, be formed by . conventional diffusion 
process steps simultaneously with the formation of diode 
Dl and resistor 26, or simultaneously with formation of 
other circuit elements, and the. emitter region 28 may be 
likewise formed simultaneously with other circuit ele- 
ments so that essentially no additional process steps or 
processing costs are required to include transistor Ql in 
the circuit. 

It will be appreciated by those skilled in the art that 
the invention may be carried out in various ways and may 
take various forms and embodiments other than the illus- 
trative embodiments heretofore described. Accordingly, 
it is to be understood that the scope of the invention is 
not limited by the details of the foregoing description, but 
will be defined in the. following claims. 

What I claim as new and desire to secure by Letters 
Patent of the United States is: 

1. In a monolithic semiconductor integrated circuit 
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adapted to be energized by a power supply of alternating 
polarity and including a body of semiconductor material 
having a region forming a circuit element isolated from 
a substrate portion of the body by a PN junction diode 
formed between said circuit element and said substrate 
portion, a first bias point in said circuit having, when 
said power supply has one polarity, a potential more 
extreme than that of said region and of polarity opposite 
to the conductivity type of said substrate portion, means 
for reverse-biasing said PN junction when said power 
supply has said one polarity comprising first connector 
means extending between said substrate portion and said 
first bias point, a second bias point in said circuit having, 
when said power supply has a polarity opposite to said 
one polarity, a potential more extreme than that of said 
region and of polarity opposite to the conductivity type 
of said substrate portion, and means for preventing said 
PN junction diode from becoming forward biased suf- 
ficiently to permit deleterious flow of charge carriers 
thereacross when said power supply alternates to said 
opposite polarity comprising second connector means in 
circuit with said substrate and said second bias point for 
clamping said substrate at a potential differing from the 
potential of said second bias point by an amount less 
than the voltage at the knee of the forward conduction 
voltage-current curve of said PN junction diode. 

2. The circuit defined in claim 1 wherein said second 
connector means includes a transistor having its base 
tied to said first bias point, one of the other electrodes 
of the transistor being tied to the substrate portion of 
the body, and the other of the electrodes of the transistor 
being tied to the second bias point 

3. The circuit defined in claim 1 wherein said second 
connector means includes a transistor having its base 
tied to said first bias point, the normal collector of the 
transistor being connected in inverse mode as an emitter 
to said second bias point, and the normal emitter of said 
transistor being connected in inverse mode as a collector 
to sai^ substrate portion of the body. 
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4. The circuit defined in claim 1 wherein said second 
connector means includes a resistor connected between 
said substrate and said first bias point 

5. In a monolithic semiconductor integrated circuit 
adapted to be energized by a power supply of alternating 

5 polarity and including a body of semiconductor material 
having a region forming a circuit element isolated from 
a substrate portion of the body by a PN junction diode 
formed between said circuit element and said substrate 
portion, a first bias point in said circuit having, when 

10 said power supply has one polarity, a potential more 
extreme than that of said region and of polarity oppo- 
site to the conductivity type of said substrate portion, 
means for reverse-biasing said PN junction when said 

15 power supply has said one polarity comprising first con- 
nector means extending between said substrate portion 
and said first bias point, a second bias point in said cir- 
cuit having, when said power supply has a polarity oppo- 
site to said one polarity, a potential more extreme than 
that of said region and of polarity opposite to the con- 
ductivity type of said substrate portion, and switching 
circuit means providing a low impedance connection 
between said- substrate and said second bias point when- 
ever said power supply has said opposite polarity to pre- 

25 vent said PN junction diode from becoming deleteriously 
forward biased. 
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[57] ABSTRACT 

A combination capacitor and transistor structure is 
described wherein the capacitor is formed integrally 


with the emitter electrode of the transistor. The transis- 
tor is formed in a monolithic integrated circuit using 
generally known techniques and constitutes a vertically 
integrated PNP device. The emitter electrode of the 
transistor which comprises aP+ diffusion region is of a 
predetermined area which is large enough to form the 
bottom plate of the capacitor. The top plate of the ca- 
pacitor is formed by growing a dielectric material over 
the diffused emitter region and then forming metalliza- 
tion thereover. The combination capacitor and transis- 
tor structure may be utilized in a bias network for bias- 
ing the output stage of an operational amplifier in a class 
AB mode. The capacitor formed in the combination 
structure may be utilized as the compensation capacitor 
in such operational amplifier which utilizes pole split- 
ting techniques. The improvement provided by the 
invention reduces the surface area of the semiconductor 
die chip required to form the capacitor and transistor 
which facilitates greater device density on a particular 
die chip. 
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BACKGROUND OF THE INVENTION 

This invention relates to operational amplifiers oper- 
ated in class AB mode and more particularly to a combi- 
nation capacitor structure and transistor circuit for pro- 
viding bias to the output stages of the operational ampli- 10 
fiers for facilitating class AB modes of operation. 

Contemporary high performance operational amplifi- 
ers generally are operated in a class AB mode and com- 
prise a cascaded output section including an NPN and 
PNP output transistors. The PNP output transistor is 15 
usually coupled to a bias circuit which biases the transis- 
tor in a class AB mode of operation. Thus, the amplifier 
is characterized by low current drain and good fidelity. 
Examples of high performance operational amplifiers 
which may be operated in class AB modes are the 20 
MC1458 and MC1741 operational amplifiers manufac- 
tured by Motorola, Inc. These operational amplifiers 
use a compensation capacitor and pole splitting tech- 
niques to set the transfer characteristics of the amplifi- 
ers. The compensation capacitor is typically anywhere 25 
from 5-30 picofarads and is constructed integrally with 
the monolithic integrated operational amplifier. In these 
operational amplifiers substantial semiconductor die 
real estate is required for the capacitor which may be a 
disproportionate portion of the total semiconductor 30 
area required for the circuit Furthermore, contempo- 
rary operational amplifiers usually utilize an NPN de- 
vice for biasing the PNP output device in a class AB 
mode. This creates an inherent mismatch between the 
two devices which may require more current drain 35 
through the output stage than desirable and with less 
predictable currents being defined which in turn affects 
the operation of the operational amplifier. 

In the design of high performance operational ampli- 
fiers it is very desirable to reduce the current drain 40 
through the output stages as much as possible to reduce 
the amount of total drain current required by the ampli- 
fier. However, even though the goal is to reduce the 
current drain in the output stage, it is also important that 
predictable currents be obtained. Moreover, as the tend- 45 
ancy is to make integrated circuits more complex, it is 
significant to be able to reduce the die surface area 
which is required to fabricate an operating circuit 

In view of the above, a need exists for providing a 
bias circuit for high performance operational amplifiers 50 
which can reduce the current drain through the output 
stage as well as reducing the die surface area required 
for fabricating the operational amplifier circuit. 

SUMMARY OF THE INVENTION 55 

The object of the present invention is to provide a 
combination capacitor and transistor structure for facili- 
tating class AB bias to the output stage of an operational 
amplifier while minimizing integrated circuit chip area 
required for said combination. 60 

The invention relates to a combination capacitor and 
transistor structure for use in a bias circuit. The combi- 
nation capacitor and transistor structure includes a tran- 
sistor having its emitter electrode integrally formed as a 
bottom plate of the capacitor and its base electrode 65 
coupled to a node which may be connected to an output 
device in an output stage of an operational amplifier 
which is required to be biased in a class AB mode of 
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operation. The transistor may be part of a bias network 
which establishes the class AB bias to the output device. 

The transistor structure is formed using general verti- 
cal bipolar techniques wherein a substrate material of a 
first conductivity type is used with an epitaxial region of 
a second conductivity type formed on said substrate 
region and having an outwardly facing surface. A sec- 
ond region of said first conductivity type is formed in 
said epitaxial region which has an outwardly facing 
surface substantially coplanar with said surface of said 
epitaxial region with said second region having a prede- 
termined surface area which forms both the emitter 
diffused region of the transistor and the bottom plate of 
the capacitor structure. A layer of dielectric material is 
formed over the emitter diffused or second region area 
which has a layer of metallization formed thereover to 
form the top plate of the capacitor. Thus, as described, 
there is formed a capacitor in series with the emitter 
electrode of the transistor wherein the combination 
structure can be utilized in a biasing network for biasing 
the output stage of generally known operation amplifi- 
ers in a class AB mode of operation without requiring 
mutually exclusive semiconductor die areas for forma- 
tion of the aforesaid transistor and capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a combination ca- 
pacitor and transistor structure of the embodiment of 
the invention which is suitable for fabrication in mono- 
lithic integrated circuit form; and 

FIG. 2 is a cross-sectional view of a semiconductor 
die illustrating the embodiment of the capacitor and 
transistor structure of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a schematic diagram illustrating the embodi- 
ment of the present invention. More specifically, in a 
practical application the invention may be utilized in an 
operational amplifier which is operated in a class AB 
mode. An example of an operational amplifier in which 
the invention may be utilized is the MCI 458 and 
MC1741 monolithic amplifiers which are two of a 
group of operational amplifiers manufactured by Mo- 
torola, Inc. 

The circuit shown by reference numeral 10 would 
form part of the class AB bias circuitry which is utilized 
to bias the cascaded output stage of the aforementioned 
operational amplifiers. For example, PNP transistor 12 
would be one of the output cascaded devices of the 
output stage of the amplifier having its emitter con- 
nected to node 14 which would be the output of the 
operational amplifier. Coupled in cascade with the out- 
put node 14 would be an NPN output device. The col- 
lector electrode of transistor 12 is connected to node 16 
at which may be supplied a source of negative potential 
or, if desired, a ground reference potential. 

PNP transistor 18 which in combination with com- 
pensation capacitor 20 comprise the combination struc- 
ture of the invention may be included in the aforedes- 
cribed bias network for biasing the operational amplifier 
in a class AB mode. Compensation capacitor 20 pro- 
vides the dominate pole of the transfer function of the 
operational amplifier and set the first break point, as is 
known. As shown, one plate of capacitor 20 is con- 
nected to node 22 which may be coupled to an input 
stage if the combination structure is used in an opera- 


4,245,231 


tional amplifier circuit The other plate of capacitor 20 
is integrally formed with the emitter electrode of tran- 
sistor 18 to constitute the invention. The base electrode 
of transistor 18 is integrally connected to the base elec- 
trode of transistor 12 at node 24. 5 

Transistor 18, if utilized in the bias circuitry, for set- 
ting the AB bias for output device 12, is usually shown 
in the prior art as an NPN device. However, by using a 
PNP device the characteristics of transistor 18 can be 
matched to that of the PNP output device transistor 12 10 
for better circuit operation. Generally, it is desirable to 
have the currents through transistor 12 and 18 well 
defined. Moreover, as transistor 18 sets the AB bias 
conditions for transistor 12 it is desirable to have the 
magnitude of the voltage at node 26 larger than the 15 
value of the voltage at node 14 while maintaining cur- 
rent drain through the output stage of the operational 
amplifier (including transistor 12) at a minimum. 

By area rationing the emitter areas of transistors 12 
and 18 with respect to each other wherein the emitter 20 
area of transistor 18 is N times larger than emitter area 
of transistor 12 the above, goals can be met. Thus, a 
defined current is maintained through transistor 18 to 
define a smaller quiescent operating current through 
transistor 12. 25 

At the same time it may be shown that the utilization 
of a larger emitter area for transistor 12 permits the 
combination therewith of the required compensation 
capacitor 20. Hence, the use of a PNP transistor as a 
portion of the biasing circuit for operating the opera- 30 
tional amplifier in a class AB mode allows the novel 
combination structure shown in FIG. 1. 

The advantage of the aforedescribed combination 
capacitor and transistor structure is that no increase in 
semiconductor die area is required since the increased 35 
emitter area provides the bottom plate of capacitor 20. 
Therefore, a reduction in die area may be realized by 
the aforedescribed combination. This reduction in semi- 
conductor die area becomes significant when it is con- 
sidered that the combination capacitor and transistor 40 
structure may be utilized in an operational amplifier 
wherein the operational amplifier is either a dual or 
quad type operational amplifier where multi-opera- 
tional amplifiers are fabricated on one semiconductor 
monolithic integrated chip. 45 

Turning to FIG. 2 there is shown a cross-sectional 
view of the circuit structure shown in FIG. 1. The 
structure includes a P-type substrate 28 which com- 
prises the collector electrodes of transistors 12 and 18. 
A layer of N-type epitaxial semiconductor material 30 is 50 
provided over substrate 28 and has an outwardly facing 
surface. The growth of the epitaxial semiconductor 
material over substrate 28 utilizes well known fabrica- 
tion techniques. Further, using known monolithic pho- 
tolithographic techniques, P+ isolated regions 32, as 55 
well as P+ emitter regions 34 and 36 are diffused into 
epitaxial region 30. As shown, the area of emitter dif- 
fused region 34 which comprises the emitter electrode 
of transistor 18 is larger than the emitter diffused region 
36 which forms the emitter electrode of transistor 12. 60 
Additionally, N+ regions 38 are diffused into epitaxial 
region 30. Next, a layer of dielectric material 40 is 
placed or formed over the surface of the resulting semi- 
conductor structure and openings are selectively pro- 
vided using photoetching techniques. Then, a layer of 65 
metallization is applied over the dielectric material 40 
and selectively patterned to provide different contacts. 
For example, metallization layer 42 which is spaced 


over a portion of the emitter diffused region of transis- 
tor 18 provides the top plate of capacitor 20. The bot- 
tom plate of capacitor 20 is formed by the emitter dif- 
fused region 34. Metallization contacts 44, 46 and 48 
provide contact means with the electrode of transistor 
18, the interconnected base electrodes of transistors 12 
and 18, and the emitter electrode of transistor 12 respec- 
tively. Thus, as shown the combination capacitor struc- 
ture and transistor 20 and 18 are integrally formed uti- 
lizing, the emitter diffusion region for the transistor. 
Thus, a separate portion of the semiconductor chip 
surface area is not required to form capacitor 20 and 
transistor 18. 

What has been described, therefore, is an improved 
monolithic integrated circuit comprising a combination 
capacitor and transistor structure. This combination 
structure may be utilized in the bias circuitry of mono- 
lithic integrated operational amplifiers to bias the out- 
put stage of such operational amplifiers in a class AB 
mode. Since the capacitor structure is formed integrally 
and overlies an otherwise necessary emitter diffusion 
region the capacitor structure takes up virtually no 
additional surface area on the integrated circuit chip. 
Therefore, more integrated circuits can be provided per 
wafer than if other types of capacitor structures were 
utilized. 

What is claimed is: 

1. In a monolithic integrated circuit having a sub- 
strate region of semiconductor material of a first con- 
ductivity type, an epitaxial region of semiconductor 
material of a second conductivity type formed on the 
substrate region, a portion of the epitaxial region being 
isolated by an isolation region of semiconductor mate- 
rial of the first conductive type from the remainder 
thereof wherein an isolation pocket of the epitaxial 
region is defined, a combination capacitor and transistor 
structure, the improvement comprising: 

the isolated epitaxial pocket region having an out- 
wardly planar facing surface and being the base 
region of the transistor, the substrate region lying 
under the isolated epitaxial pocket region being the 
collector region of the transistor; 

a first defined region of semiconductor material of the 
first conductivity type formed in the isolated epi- 
taxial pocket region and having an outwardly fac- 
ing surface coplanar with said outwardly facing 
surface of said isolated epitaxial pocket region, said 
first region being the emitter region of the transis- 
tor, 

a layer of dielectric material formed over said first 
region; 

a layer of metallic material formed over the dielectric 
material and said first region; and 

said layer of metallic material, in combination with 
said dielectric material and said first region forming 
a capacitor with said metallic material being a first 
plate of the capacitor and the active emitter region 
of the transistor being a second plate of the capaci- 
tor wherein the combined capacitor and transistor 
structure is realized by the capacitor being formed 
integrally with the active emitter region of the 
transistor. 

2. The monolithic integrated circuit of claim 3 
wherein said substrate region is of a P conductivity 
type, said first region is of said N— conductivity type, 
and said second and third regions are of said P-f con- 
ductivity type. 
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3. The monolithic integrated circuit of claim 1 includ- 


ing: 


a second defined region of semiconductor material of 
said first conductivity type formed in the isolated 
epitaxial pocket region in spaced relationship to 
said first region, said second region having an out- 


wardly facing surface and forming with the sub- 
strate region and the isolated epitaxial pocket re- 
gion a second transistor of the same conductivity 
type as the transistor of the combination transistor 
and capacitor structure. 
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